The purpose of this study was to determine the spatial structure of vegetation on the repository of the mine "Fryderyk" in Tarnowskie Góry. Tested area was located in the Upper Silesian Industrial Region (a large industrial region in Poland). It was a unique refuge habitat -Natura2000; PLH240008. The main aspect of this elaboration was to investigate the possible use of geotechniques and generally available geodata for mapping LULC changes and determining the spatial structure of vegetation. The presented study focuses on the analysis of a spatial structure of vegetation in the research area. This exploration was based on aerial images and orthophotomaps from
Introduction
The description which mirrors reality in the form of geoinformation should contain data about the localization of the objects and attributes; this includes descriptions of the objects and the relations between them (Talarczyk and Neroj, 2010) . Availability of spatial data obtained with techniques such as photogrammetry and remote sensing nowadays provides access to objective information of the surrounding environment. A multitude of research has proven the possibility of using these geodata for environmental protection and spatial management of the natural environment, or to determine indicators that show the spatial range and structure of vegetation, including the dynamic process of forest succession (Andersen et al., 2006; Coops and White, 2003; Drzewiecki et al., 2014; Lefsky et al., 2002; Singh et al., 2012; Suzanchi and Kaur, 2011; Wężyk and de Kok, 2005) . Widely used in this respect is laser scanning technology (LIDAR), which allows large-scale research to be conducted and provides detailed information allowing for the description of the topography and structure of the vegetation growing on a given surface.
Extensive research of nature showed that these geodata, including the point cloud coming from the Airborne Laser Scanning (ALS), defi nes the indexes referring to the structure of vegetation (Naesset, 2002; Naesset and Økland, 2002; Tompalski, 2012; Wężyk, 2008) . Particular attention should be paid in constantly developing solutions which provide information on biometrical features of vegetation (Korpetta, 2010) . Examples of some of the identifi able parameters using laser scanning point clouds include: the height of trees, their thickness and volume, the number of trees per unit area, the density and length of tree crowns, the area occupied by particular vegetation patches and their spatial distribution, and many other features describing the vegetation to a greater or lesser extent (Smreček and Danihelová, 2013; Wężyk, 2008) .
The goal of this paper is to determine changes of the land cover classes (especially forest succession) and defi ne selected indexes characterizing spatial structures of vegetation on the repository the mine "Fryderyk" in Tarnowskie Góry, based on the airborne laser scanning data, airborne photographs and orthophotomaps. In this aspect, the analysis of temporal and spatial changes of land cover in 1947 -2011 was done using available images and orthophotomaps of this period. ALS data was from the ISOK project -Informatics System of the Country Protection from extraordinary threat. This project ran in Poland in 2011 with the goal of ALS point cloud data covering the whole country until 2016; approximately, 70% is already done.
Study area
The post-fl otation spoil tip of the mine "Fryderyk" (Fig. 1) is situated in the Silesian voivodeship in the Tarnogórski District, within the administrative borders of the city of Tarnowskie Góry, which is 4km south of its centre. The year most commonly recognized as the date of starting the mining is the year 1840. In 1912 the outfl ow was closed, and in 1926 the deposition of mining wastes stopped in this object. In recent years on a spoil tip, multifaceted degradation was observed such as illegal wastes deposition, increased erosion caused by people riding motorcycles, bicycles, driving all-terrain-vehicles (quads) and by uncontrolled exploitation of the rock material. In 2004 a habitat protection area was formed within the programme -NATURA 2000 -covering, among others, the repository. In 2006 in the repository area, a Cultural Park called "Hałda Popłuczkowa" (Post-Flotation Spoil Tip) was established.
The study area covered 6.64 ha. A large part of the spoil tip is a relatively even hilltop (plateau) in its central and western part. In the highest place, the repository is over 23 m above the surrounding area. On the hilltop, one can observe old workings from the times when the mine "Fryderyk" was in action. The lowest parts are in the south-eastern section, where the relative altitude is about 16-17 m. The relief of this area is, however, richer than in the other parts. Characteristic elements of the spoil tip are steep slopes in its northern part, inclining as much as 40-45 o , as well as scarps surrounding the hilltop of the repository and marking its borders. On the slopes, in particular the ones in the northern and western parts, which are most susceptive to wind and rain, the tops of withered material and erosion-caused indentations are clearly visible (Lamparska-Wieland, 1997) . Rich vegetation grows on the southern and eastern parts of the spoil tip, especially the trees on the foothill of scarps which are large, because they have good humidity conditions and the fi nest rock material. The northern part of spoil tip and its slopes have the poorest vegetation. Clearly visible erosion processes in that part effi ciently prevent the expansion of vegetation. . The onscreen vectorization was carried out in software ArcGIS (Esri). The fi nal effect of the manual vectorization process was the map composition visualizing spatial distribution of the land cover classes in : 1947, 1998, 2003, 2009 and 2011 .
The analysis of the orthophotomaps and airborne photographs allowed for differentiating the following land cover classes on the spoil tip: -High vegetation -areas of tree vegetation or/and single trees, clearly distinct compared to other classes. -Dense shrub and herbaceous vegetation -herbaceous plants and shrubs fully covering the area when they occur, so it is impossible to single out the individuals. -Scarce shrub and herbaceous vegetation -areas like in the previous class, however the vegetation is not dense. Usually in this group there were fragments with the features of the class "sands" occurring on the border of both classes, where precise border defi nition for this object was diffi cult. -Sands -fragments of the spoil tip not covered by any form of vegetation. Also dirt roads and paths in the study area were put into this class. Another source of information on the study area were classifi ed point clouds of airborne laser scanning (ALS) of 2011 from the ISOK project (format LAS, cloud density 12 pts./m 2 , source: District Centre of Surveying and Cartography). The classifi cation of the land cover for 2011 was carried out on the integrated data, ALS data and the airborne orthophotomap. The ALS data applied in the vectorization process allowed to distinguish an additional class: Medium Vegetation (trees and shrubs of the height from 1 to 7 m). ALS data also facilitated the process of the on-screen vectorization -classifi cation of "dubious" areas, which usually included shaded places on the border of the classes.
To obtain the altitude data useful in the process of on-screen vectorization and for the assessment of the spatial (3D) structure of vegetation, a range of transformations of the initial LAS point cloud format were made. For the processing of the ALS data the following software was applied: FugroViewer (Fugro Geospatial Services) -viewing the point cloud; FUSION (R. J. McGaughey USDA Forest Service) -conversion and analysis of ALS data; LAStools pack (Rapidlasso GmbH) -transformation of ALS data.
The processing of ALS point cloud started from the reduction (cutting) of the initial fi le to the borders of the study area (in FUSION), and then making the Digital Terrain Model (DTM) -based on the automatic approximation of the points of the "ground" class; the Digital Surface Model (DSM) based on points from the other classes and normalized DSM (nDSM), where the relative altitude is determined as the difference between the absolute altitude of a given point and the place found exactly under this point on the NMT surface.
The subsequent stage of the processing of the ALS point clouds was to determine basic spatial characteristics of vegetation. The mean height of the vegetation for the whole study area was calculated in individual height classes, separately for height, medium and low vegetation. This parameter was calculated as a value of 95 th percentile of relative altitude of the ALS point cloud, indicating the height below which there are 95% points. This quantile is often used in the calculation of the height of the trees based on the airborne laser scanning data (Naesset, 2002) . The percentile values were calculated in the programme FUSION with the application of algorithms contained in the tool of cloudmetrics. Also, standard deviation from the mean value of height was calculated. The spatial distribution of height was presented in the form of raster layers as well as standard deviations .
To estimate the mean of the crown base, crown length and shape of the trees on the repository, histograms of the number of ALS points (1-metre height intervals) for the class of high and medium vegetation were done. The data for the graphs was obtained based on the analysis of the normalized point cloud in the FUSION program.
The index of cover density was calculated in program FUSION using the cover function. This algorithm calculates the ALS point cloud in the area determined by the user. The program differentiated between the points refl ected from the tree crowns and points penetrating inside the tree stand. By referring the total number of points "arrested" in the tree crowns to the total number of points in the tested area, a ratio is obtained, treated as the degree of cover density. The result of the calculation is the raster layer -every pixel represents the degree of cover density in the analysed area (McGaughey, 2012) . The cover density in the area of the repository was calculated in different basic fi eld sizes: 25 m 2 and 225 m 2 , to show the differentiation of this parameter depending on the pixel size.
As well as the clouds of ALS points, the height of vegetation on the test plots was also measured. The 14 test plots (square 10m x 10m) located in the area of the repository were used (Derbis, 2013) . The results of the traditional measurements with the altimeter (reference data; 2011) were compared with the method of remote and automated defi nition of height based on the ALS data (2011). The mean height of the subsequent vegetation classes for the whole study area marked as H ALS standard deviation from the mean height value as Std_dev and the variability coeffi cient marked as Cv. Also, the mean height within all the areas of test plots was determined (H ALS_T ). The results were compared to the results of fi eld measurements of height with traditional methods (H T ). The difference between H ALS_T and H T was determined as H DIFF .
Results
The results of the analyses of the 2D vegetation changes are presented in fi gure 2. Analysing changes in the spatial range of vegetation on the repository (succession process), one can state that in 1947 the majority of the spoil tip was covered by dense shrub and herbaceous vegetation, mainly overgrowing the eastern part of the repository and central parts of the top plateau. Interpreting the results of the vectorization of orthophotomaps of 1998, one should certainly notice that defi nitely the largest part of the spoil tip was covered by low vegetation and there was still a zone division into dense vegetation covering the hilltop and scarce vegetation on the scarps. The expansion of the high vegetation is clearly visible and goes northwards and westwards. In the period of 1998-2011, a clear expansion of trees took place at the expense of short vegetation. A very interesting phenomenon is the growth of the proportion of the class called "ground". This fact can be explained by intensive erosion processes taking place on the scarps of the repository, strengthened by anthropogenic infl uence and free penetration of the area (taking out the material, depositing rubbish or driving quads, riding motorcycles and bicycles).
A good overall picture referring to the differentiation of the height of vegetation on the spoil tip is given in fi gure 3, based on ALS data (2011). It shows the altitude of a given place (pixel) regarding the surface of the spoil tip and standard deviation from the mean height of a given vegetation class. Uneven distribution of the height of trees on the spoil tip can indicate the natural course of the process of succession or/and a signifi cant micro-habitat differentiation of the study area. The biggest height differences occur in the class of high vegetation in the places where trees are the highest and the process of plant succession is the longest.
The results on the comparison of height determined on traditional measurements and the ALS data were presented in table 1. There were no high differences between our results and other projects regarding the height determination of ALS data (Hyyppä et al., 2004; Maltamo et al., 2004; McGaughey et al., 2004; Naesset and Økland, 2002; Węzyk et.al, 2008; Yu et al., 2004) . Height of vegetation measured with the application of ALS data within the study surfaces referring to the value obtained with the use of hand terrain measurements varied by about 0.4 m for high vegetation, about -0.5 m for medium vegetation, and -0.2 m for low vegetation. To better know the shape of the tree crowns in the area of the repository, histograms were prepared for high and medium vegetation (Fig. 4) . Based on the analysis of histograms, the value of about 2 m and 1m can be accepted as the mean height of the tree crown base, for class "high vegetation" and "medium vegetation", respectively. Referring this value to the mean height, one can estimate the mean length of the tree crown in the study area. On the sections it is clearly visible that the tree crowns are based low, which was also confi rmed by the fi eld study visit. Figure 5 presents the differentiation of degree covering the surface of the repository by the crowns of the trees (cover density), depending on the accepted size of the basic fi eld. The colours show the degree of the compactness in a given place and a single pixel symbolizes the size of the area for which the index was calculated. The greatest degree of compactness occurs in the eastern and western part of the spoil tip, where the process of succession is the longest. The trees in this part are the oldest and reach the largest size. Tree vegetation growing on the central hilltop is characterized by a moderate degree of compactness. 
Conclusions
Multi-direction analysis of the collected materials showed a signifi cant differentiation of the spatial structure of vegetation on the repository of the mine "Fryderyk" in Tarnowskie Góry. This diversity is visible in the surface size (2D), the vertical vegetation structure (3D) and in the time dimension (4D). The differentiated plots of vegetation do not form clear borders and are unevenly distributed in the area of the whole repository. Differentiated vertical structure of vegetation indicate a long-lasting natural process of succession in the area of repository. The integrated data coming from the airborne laser scanning the ISOK project and airborne orthophotomaps in the process of screen vectorization allowed wider and more precise defi nition of the spatial structure of vegetation than in case of the work on the orthophotomaps alone. The application of the processed ALS data allowed objective and relatively accurate assessments of the spatial structure of vegetation overgrowing spoil tip. The features defi ned based on available materials can indicate a large differentiation of microhabitats and signifi cant anthropogenic infl uence on the spatial structure and the development of the vegetation on the spoil tip.
Currently functioning remote sensing technologies and large resources of geoinformation tools allow a remote research of nature including the dynamic process of forest succession (Bergen and Dronova, 2007; Szostak et al., 2014) . They allow the defi nition of many indexes characterising the vegetation in various aspects (Alberti et al., 2013; Pirotti, 2011; Wężyk et al., 2013) . These indicators are often defi ned for the needs of planning and the inventory and mapping plant associations. The use of spatial data obtained with different methods and originating from different periods of time offers the possibilities of monitoring changes taking place in the environment. Due to the use of the data from airborne laser scanning, objective and exact assessments of many biometric features of vegetation connected with the spatial distribution of the point cloud is possible. The most important characteristics of the tree stand possible to be defi ned based on the data of the airborne laser scanning are: height of the trees, the level of compactness (density, stocking) and the length of the tree crown, the number of trees per area unit, as well as the quality and vitality of tree stands. Geoinformation technologies contain a great potential to carry out large-area studies of the spatial vegetation structure.
